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192a Sunday, February 26, 2012detailed approach, the motility of individual cells is determined by time-lapse
microscopy, image segmentation and single cell tracking. While delivering the
most complete description, it is computationally demanding and requires opti-
mal experimental conditions. In addition, information about individual cells is
most often not even used but combined to describe the motility of whole pop-
ulations. We propose here to use image correlation spectroscopy (ICS) to quan-
tify the speed and modes of migrating cell (sub-) populations from time-lapse
phase contrast images without the need for identifying individual objects or for
reconstructing their traces. The entire toolbox of ICS, developed to study mo-
lecular dynamics inside living cells, can be utilized to analyze different motion
patterns of whole cells, e.g., directed motion, free or confined Brownian-type
random walk, anomalous sub- or super-diffusion. The in vitro ICS migration
assay is described and validated using THP1 cells and known modulators of
the cytoskeleton and cell adhesion. Monte-Carlo simulations provide a further
basis for the detailed characterization of the potential and the pitfalls of this
approach.
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Calibration and Quantification of 2-Photon Voltage-Sensitive Dye Record-
ings in Single Dendritic Spines
Corey D. Acker, Erika Hoyos Ramirez, Ping Yan, Leslie Loew.
University of Connecticut Health Center, Farmington, CT, USA.
Quantitative measurements of membrane potential in dendritic spines are nec-
essary to investigate the biophysical properties of these structures, which are
initial sites of cortical excitatory synaptic information processing. Voltage-
sensitive dyes (VSDs), which are developed in our lab, are capable of recording
membrane potential from dendritic spines. However, the ability of VSDs to re-
solve subthreshold membrane potential fluctuations depends on their sensitivity
to membrane potential along with the attainable signal-to-noise ratio of optical
membrane potential recordings. We analyze the sensitivity of new generation
VSDs by calibrating membrane potential fluctuations in single dendritic spines.
Using 2-photon excitation techniques, we find that the calibration of signals is
highly consistent among different dendritic spines, even spines that differ sig-
nificantly in size. Spines can be targeted at their centers using a ‘‘single-voxel’’
recording approach for consistent, reproducible recordings. Dendrites must be
targeted along the lateral edge, which is less consistent and calibration shows
reduced sensitivity to voltage. Since signal-to-noise levels depend on dye load-
ing and internal concentration, we use a controlled loading technique in order to
reproducibly load dyes being tested. By quantifying signal-to-noise we are able
to follow molecular changes to experimental VSDs that lead to improvements
in this crucial metric. With continued advances in optical membrane potential
recording techniques, we come closer to the ultimate goal: single sweep record-
ings of synaptic potentials in dendritic spines.
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Inclined Single Plane Illumination Microscopy (ISPIM)
Francesco Cutrale, Enrico Gratton.
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Current need in biomedical sciences requests live imaging with higher spatial
and temporal resolution in the 3D environment. Furthermore, live sample ac-
quisition increases the technical challenges required for 3D imaging. Ideal fea-
tures of a system for this purpose include high imaging speed, high contrast
ratio, low photo-bleaching and photo-toxicity, good resolution in a 3D context
and mosaic acquisition for large samples.
Our work presents the inclined illumination implementation of Single Plane
Illumination Microscopy, introduced by Stelzer et al (2004). SPIM has been
gaining importance in the biomedical field over the years, with its load of tech-
nical challenges but has been limited by construction and sample preparation.
Based on the same principle introduced by Stelzer, but with a configuration sim-
ilar to Total Internal Reflection Fluorescence basis, Dunsby (2008) proved the
possibility to build an Oblique Single Plane Illumination Microscope (OSPM),
also known as Oblique Light Sheet Microscope on a completely lab-made sys-
tem while avoiding any change in common sample preparation protocol.
Our effort was to realize a system with the advantages of the simplification of
sample preparation of the OSPM but constructed on commercial microscopes,
such as IX-71 Olympus. We have increased the performance of the original
OSPM system and we have realized a powerful instrument for applications
to biological issues.
The optimized system goes under the name of inclined Single Plane Illumina-
tion Microscope (iSPIM).
Furthermore we are investigating the possibility to increase spatial resolution
and obtain isotropic information by adapting the formulas for three dimensional
inverse Radon transform to the iSPIM system and acquiring sample informa-
tion at different angles.
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Neural cell adhesion molecule (NCAM) is a nonconventional ligand for fibro-
blast growth factor receptor-1 (FGFR1). NCAM exerts a peculiar control on the
intracellular trafficking of FGFR1, resulting in a specific cellular response,
which is remarkably different from that elicited by the canonical ligand
FGF2 (Francavilla et al., JCB 2009).
We studied the dynamics and oligomerization of cell-surface FGFR1 using a
biologically active FGFR1-mEGFP chimera expressed in HeLa cells.
FGFR1-mEGFP was shown to bind FGF2 and NCAM, and to undergo phos-
phorylation and internalization.
The monomer-dimer-oligomer dynamics of FGFR1 in response to NCAM and
FGF2 was studied as a function of time by total internal reflection fluorescence
(TIRF) microscopy combined with the number and brightness (N&B) analysis.
HeLa/FGFR1-mEGFP cells were starved overnight, and time series of TIRF
images were collected up to 40-70 min after ligand-mediated stimulation.
N&B analysis was carried out using SimFCS SW (E. Gratton) and EMCCD
camera calibrated according to Unruh and Gratton (Biophys. J. 2008).
At the membrane level, NCAM binding induced a reorganization of FGFR1mole-
culesdifferent fromthat elicitedbyFGF2.FGF2 induceda sustaineddimerizationof
the receptors, followed by internalization and degradation. Conversely, in the pres-
ence ofNCAM,FGFR1underwent fast assembly in dimers and fewhigh order olig-
omers, followed by disassembly back to monomers. Assembly and disassembly
cyclesweredetected formore than1hour afterNCAMaddition, and theymight rep-
resent internalization and recycling of ligand-free receptors at the cell membrane.
Our data provides novel insights into the cell biological basis of the dichotomy
between NCAM and FGF2 with regard to the ligand-induced response of
FGFR. These findings also point to the novel concept that the degree of clus-
tering at the cell surface dictates the intracellular fate of an endocytic receptor.
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Three-Dimensional Real-Time Imaging of Gliding Motility in Apicom-
plexan Parasites using 4D Dark Field Microscopy
James M. Kelvin, Thomas P. Darlington, Jose A. Rodriguez,
Reza Zarinshenas, Yunfei (Even) Zou, Robjin Bruinsma, Peter J. Bradley,
Jianwei (John) Miao.
University of California, Los Angeles, Los Angeles, CA, USA.
The speed and sensitivity of detectionmethods alongwith the efficiencyof the pro-
cess or signal representing the sample delimit optical imaging of living cells. To
facilitate the imaging of living biological cells in real time in three dimensions,
and in their native contrast, we have developed an imaging method composed of
a dark field optical microscope coupled with a high-speed CMOS camera capable
of capturing images at 5,000 fps at full field, equipped with a motorized assembly
regulating the position of the objective. We have successfully applied the instru-
ment to the imaging of 200nm gold particles and also to studying motility in the
Apicomplexan parasite Neospora caninum. N. caninum is a close relative of the
pathogenic apicomplexans Toxoplasma gondii (which causes disease in immuno-
compromised individuals) andPlasmodium falciparum (the causative agent ofma-
laria), which exhibit the same characteristic dynamic motion. Apicomplexan
parasites rely on apical constriction to lead the parasite in twirling, helical, and
clockwise gliding motion for motility on solid surfaces and also to invade host
cellmembranes. The precise penetrative technique of these organisms has been lit-
tle understooddue to current restrictions in imaging, though it has been posited that
more in-depth knowledge of the gliding motility can uncover the invasion mech-
anism. We are currently capable of successfully capturing 3D volumes of active
N. caninum cells at 50-100Hzwith a 5-20mmvertical transverse range.Weemploy
a Fourier-based deconvolution algorithm to reduce noise and better visualize the
4D data, which is expected to facilitate the identification of features inN. caninum
cells that are critical for its mechanism of invasion.
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Dopamine Receptor Signaling in the Pancreatic b-Cell
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Glucose homeostasis is maintained by small clusters of hormone secreting cells
in the pancreas: the pancreatic islets. Insulin secreting b-cells make up ~ 90%
of the islet and secrete insulin in a tightly regulated manner. Understanding the
mechanisms that regulate insulin secretion is a key factor in developing thera-
pies for type-2 diabetes and metabolic syndrome.
Sunday, February 26, 2012 193aThe pancreatic b-cell can synthesize dopamine from the circulating precursor
L-dopa. During glucose stimulated insulin secretion, co-secreted dopamine
acts as an autocrine negative regulator of insulin secretion. It does so by acti-
vating type2 dopamine receptors (DRD2) - a member of the G-protein coupled
receptor family. DRD2 are present on b-cell plasma membrane, and upon do-
pamine binding attenuate intracellular Ca2þ dynamics. In fact, the frequency
of intracellular [Ca2þ] oscillations that are triggered by 8 mM glucose is di-
minished by dopamine; the same effect is observed when islet dopamine con-
tent is increased prior to glucose stimulation.
We are interested in studying the molecular mechanism downstream of DRD2
activation that leads to the changes in intracellular Ca2þ dynamics. We pro-
pose that dopamine activation of DRD2 directly affects b-cell calcium influx
via Gbg subunit interaction with the L-type Ca2þ channel (CaV1.2). We use
fluorescent protein labeled versions of the Gbg subunit, and the CaV1.2 subunit
a1C to perform FRET experiments on bTC-3 cells. Using a lock-in FRET ap-
proach, we can improve detection of FRET efficiencies and we can detect
a small percentage of donor-acceptor interaction.
The understanding of dopamine signaling in the pancreatic b-cell is important.
Since dopamine is known to inhibit insulin secretion, its signaling pathways
may be targets for pharmacological treatments for type 2 diabetes.
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Quantitative immunoassays are widely used in research and medical diagnos-
tics. Often, analytes are captured with antibody coated microparticles and de-
tected with signal generating conjugate. Total signal is collected from the
sample after removal of the unbound conjugates through extensive wash.
The drawbacks of this approach are non-specific binding and loss of reagents
due to wash. To overcome these hurdles, we introduce the concept of
fluorescence based high definition immunoassays (HDIA) which uses imaging
microscopy for detection. The sources of fluorescence signals are examined
pixel-by-pixel for each sample image. Algorithms are developed to differenti-
ate signal from background, thus minimizing non-specific binding and reagent
loss. Using Troponin and NGAL (Neutrophil Gelatinase Associated Lipocalin)
as model analyte systems, we achieved both high sensitivity and wide dynamic
range. We are also able to perform assays without any washing step. The HDIA
can be used for both protein and nucleic acids testing.
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Recently a label-free FLIM imaging method has been proposed to distinguish
metabolic states of germ cells (Stringari et al, 2011). This method, based on the
phasor analysis of autofluorescence lifetime (AF-phasorFLIM), avoids some
problems of state-of-art approaches due to multi-exponential fitting. The capa-
bility of phasorFLIM analysis to separate the different molecular species in
a pixel lies on the rule of phasor addition. PhasorFLIM identifies molecules
by their position in the phasor plot because every molecular species has a spe-
cific phasor that can be calibrated in reference samples.
We applied phasorFLIM to detect retinoids autofluorescence in live P19 embry-
onal carcinoma cells that undergo differentiation when treated with retinoic
acid (RA).
RA and retinol are essential for cell-cell signaling during vertebrate organogen-
esis. RA is involved in stem cell differentiation and it is a morphogen. It is a dif-
fusible signal that generates patterns in embryo because it induces different
cellular responses depending on its local concentration. The presence of RA
in tissues has been inferred through gene activation, and the RA average tissular
concentration measured by HPLC. However, the spatial distribution in tissues
and cells of the active molecule has never been observed or quantified directly.
We built a database of phasorFLIM standards of the major molecules that con-
tribute to autofluorescence. The database allows assigning the contribution of
fluorescent molecules to P19 autofluorescence.
P19 cells were treated with retinol to follow in time the effect of the molecule
on cellular metabolism. PhasorFLIM analysis was performed using SimFCS
and showed an increase of retinoids fluorescence after treatment. In cells
treated with retinol, we observed retinol in plasma and nuclear membrane
and an increase of RA in the nucleus.
AF-phasorFLIM allowed determining, distinguishing and localizing the contri-
bution of retinoids to autofluorescence in live P19 cells.970-Pos Board B756
Mechano-Biology of Chondrocytes in Intact Joints Under Muscular
Loading
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It is well documented that onset and progression of OA is directly related to the
mechanical loading of joints, and the associated mechano-biology of chondro-
cytes. However, work on the mechano-biology of chondrocytes has been per-
formed with isolated cells or tissue explants subjected to confined and
unconfined loading, conditions which neglect the role of the matrix and ignores
the boundary conditions of cartilage-on-cartilage contact, and fails to reproduce
physiological loading conditions.
We developed a novel approach which allows quantification of chondrocyte
mechanics, signaling and analysis of proteins, cytokines and fluid borne stem
cells contained within the synovial fluid of intact knees in live mice while
the joint is loaded using controlled muscular stimulation.
Chondrocytes and their nuclei deform on average 18-25% for sub-maximal mus-
cular loading in the intact mouse knee. Deformation occurs ‘‘instantaneously’’
upon loading, but requires minutes for full recovery (Figures 1a). High muscular
loading of themouse
knee caused an in-
crease in total pro-
tein content in the
synovial fluid (Fig-
ure 1b) and an in-
crease in PRG4
(also known as lubri-
cin). When ‘‘high’’
intensity load condi-
tions were repeated,
the PRG4 and total
protein release was
stopped (Figure 1b).971-Pos Board B757
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The pregnane X receptor (PXR), a member of the nuclear receptor family,
regulates the transcription of target geneswhose products are involved in theme-
tabolism of endogenous and exogenous compounds, including many pharma-
ceutical compounds. The conventional view of nuclear receptor action is that
ligand binding enhances the receptor’s affinity for co-activator proteins, while
decreasing its affinity for co-repressors. Here, we report the use of steady-state
total internal reflection fluorescence microscopy (TIRFM) and total internal re-
flection with fluorescence recovery after photobleaching to measure the thermo-
dynamics and kinetics of the interaction between the PXR ligandbinding domain
(PXR-LBD) and a fluorescently labeled, peptide fragment of the steroid receptor
co-activator 1 (SRC-1) in the presence and absence of the established PXR ag-
onist, rifampicin. Equilibrium dissociation and dissociation rate constants of
about 5 mM and 2 s1, respectively, were obtained both in the presence and ab-
sence of rifampicin. Additionally, TIRFM was used to examine the interaction
between PXR-LBD and peptide fragments of the co-repressor proteins, nuclear
receptor co-repressor (NCoR) and silencing mediator for retinoid or thyroid re-
ceptors (SMRT), in the presence and absence of rifampicin. Equilibrium disso-
ciation constants of about 170 mM and 70 mM were obtained for NCoR and
SMRT, respectively, in the presence and absence of rifampicin. These results in-
dicate that rifampicin does not alter the affinity of PXR-LBD for co-activator and
co-repressor fragments, thereby suggesting that the mechanism of PXR action
differs markedly from that of other nuclear receptors.
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Articular cartilage cells (chondrocytes) are responsible for maintaining the
health and integrity of the tissue extracellular matrix (ECM). Chondrocyte ac-
tivity under mechanical loading has been linked to changes in joints leading to
osteoarthritis (OA). The purpose of this study was to investigate the deforma-
tion behavior of chondrocytes in their native environment using a novel in situ
experimental approach.
